The purpose of this study was to examine longitudinally health-related quality of life (HRQOL) and related factors in mothers and fathers of children who undergo SCT, before, and 1 and 2 years after SCT. A total of 84 parents (49 mothers/35 fathers) of patients diagnosed mainly with leukemia completed a HRQOL measure before SCT, 46 at 1 year (26 mothers/20 fathers) and 50 parents (31 mothers/19 fathers) at 2 years post SCT. Physical and psychosocial HRQOL summary scores are reported. Parents' age and gender, child's diagnosis, radiation history, age, behavior and physical health were examined. Linear mixed models for repeated measures with a covariate structure were used for analysis. Physical HRQOL did not differ between mothers and fathers or over time. Maternal and paternal psychosocial HRQOL scores improved by 2 years post SCT. Child's behavior problems and poor health, and maternal age (younger) predicted poor maternal psychosocial HRQOL 2 years post SCT. Child's behavior problems, diagnosis and treatment severity predicted poor paternal psychosocial HRQOL. These findings identify similar (child's poor behavior) and differential risk factors (parental young age, disease and treatment severity, and child's poor health status) for poor HRQOL for mothers and fathers. These findings can guide comprehensive family-care interventions before, during and after pediatric SCT.
Introduction
When a child undergoes BM transplantation or SCT, parents are likely to experience severe distress. The procedure is marked by long-term medical complications and mortality rates that range between 20 and 80% 1 year post transplant, 1 which can have a severe impact on parental psychological distress and health-related quality of life (HRQOL). The psychological and HRQOL outcomes for children who survive SCT are well documented. [2] [3] [4] [5] The psychological and HRQOL outcomes of parents of children with cancer have also been extensively researched. [6] [7] [8] [9] Although parental psychological distress during the acute stage post pediatric SCT is well documented, [10] [11] [12] [13] [14] [15] [16] [17] [18] their long-term psychological and HRQOL outcomes have received less attention. Little is known about the impact of pediatric SCT on fathers, as most of this research has involved mothers. This longitudinal study focuses on HRQOL outcomes in both parents.
HRQOL is a well-accepted multidimensional health concept that includes physical, social and psychological domains. In a large cross-sectional study in the Netherlands, parents of chronically ill children (for example, asthma, diabetes and brain tumors) reported significantly worse HRQOL than parents of healthy children. 6 In a Canadian crosssectional study, compared with population norms, parents of children undergoing cancer treatment reported low physical and psychosocial HRQOL. 7 Fear of disease recurrence and worries about their own health have been reported by parents 1-10 years post-pediatric SCT with the highest distress reported by those parents whose children were 24 months post SCT. 12 Finally, on using standardized measures of HRQOL, mothers reported no significant change in physical or psychosocial HRQOL 1 year post pediatric SCT, 14 although contradictory findings were also reported. 12, 15 To summarize, there is limited long-term longitudinal research investigating parental HRQOL when a child undergoes SCT; fathers' outcomes are lacking and gender differences are rare in this context. In this manuscript, we examined longitudinally maternal and paternal HRQOL before, and 1 and 2 years after SCT, and compared these outcomes with normative values. Additionally, we also examined factors that may be related to HRQOL. Based on preliminary outcomes with this population 17 and parents of children with cancer, 19 as well as guided by a conceptual model adapted in our previous work, 3 we examined the following variables: parental age, child's disease and treatment variables (cranial brain and TBI), as well as gender, behavior and health status before SCT. We hypothesized that (a) given previous findings with parents of children with cancer, before SCT the psychosocial, but not physical, HRQOL scores will be worse compared with the normative value; (b) the psychosocial HRQOL of mothers and fathers will improve over time; (c) based on our previous work regarding psychological distress in mothers of children with cancer, 19 mothers' HRQOL will be associated with their age, child's behavior and health status; paternal HRQOL will be associated with the child's disease and treatment variables, as fathers have been found to use more problem-solving strategies when confronted with childhood cancers. 20 
Materials and methods

Participants, recruitment and design
This is the second study on parental outcomes from a large longitudinal study investigating child 2, 3 and parent 21 psychological and HRQOL outcomes. This study was started 1 year after the previous studies. Except for a smaller sample size and different outcome measures, the methods used for this study were the same as those used in the previous parental study. 21 Briefly, parents of children over 3 years of age scheduled to have a SCT, who were fluent in English, were eligible. After approval by the Hospital's Research Ethics Board, parents were invited to participate. Consenting parents completed several standardized questionnaires, including measures for this study, before, and 1 and 2 years after SCT.
Outcome measures
The Medical Outcomes Study Short-Form-General Health Survey Scales (MOS SF-36) 22 is a 36-item measure with excellent psychometric properties; it assesses adults' health concepts such as physical and psychosocial health problems, body pain and general health perceptions. 22 The total physical summary (PHYS) and psychosocial summary scores (PSYS) were used as measures of HRQOL. The mean score of 50 (s.d. ¼ 10) for the population norm was used as the reference value.
Measures of related factors
The Child Behavior Checklist 23 for ages 4-18 is a parentcompleted questionnaire consisting of 112 items. Ratings are summed to obtain total, internalizing and externalizing scores for the behavioral scale. It has a good test-retest reliability and adequate validity. 24 Results on the child's internalizing and externalizing scores were reported elsewhere. 3 The total T-scores before SCT were used in this study because they were found to be the best predictors of maternal psychological adjustment after childhood cancer. 19 The Child Health Questionnaire (CHQ-PF50) 25 is a well-validated 50-item parent-report instrument that provides two summary scores, physical and psychosocial, and several subscales. The child's CHQ scores were previously reported longitudinally. 2 The physical summary score (PHYS) before SCT was used in this study as a measure of child's health as a potential predictor of parental HRQOL. Additionally, the following demographic, disease and treatment variables were obtained and used for analyses: parents' age, gender and education before SCT; child's age before SCT (within a couple of weeks before transplant) and gender, diagnosis (ALL, other leukemias, neuroblastoma, other solid tumors and other blood disorders), radiation history (none, TBI only, TBI plus cranial radiation (CRT)), as a measure of treatment intensity), presence or absence of graft vs host disease and time since diagnosis.
Statistical analysis
Descriptive statistics were calculated for the outcome measures and related factors. For comparisons with normative values we used t-tests. Multivariate analysis of variance was conducted using PHYS and PSYS HRQOL scores, parent (mother and father) and time (before, and 1 and 2 years after SCT) as factors. Subsequently, linear mixed multiple regression models were conducted using maximum likelihood estimation method for repeated measures and an appropriate covariance structure, for maternal and paternal data separately. These models maximize power using all available data. To reduce the number of covariates, preliminary bivariate analyses were conducted for physical and psychosocial HRQOL and potential covariates: parent's age, child's behavior and health status before SCT. When possible, based on the statistical power, diagnosis, radiation history, time since diagnosis and GVHD were tested as exploratory measures. To avoid collinearity, pair-wise assessments of associations between predictors were performed. Post-hoc multiple pairwise analyses were conducted using Tukey-Kramer's adjustment for multiple comparisons. When there was a significant effect of parents' age, the data were converted into categorical variables (p30 and X30 years). Finally, to determine clinical significance, effect sizes (ES) were calculated, with an ES of X5 considered to be of clinical significance. 26 A P-value of p0.05 was considered to be statistically significant. The statistical analyses were conducted using SAS software version 9.1 (SAS Institute Inc., Cary, NC, USA).
Results
Recruitment and sample characteristics
Eighty-four (78% response rate) parents, 49 mothers and 35 fathers, completed HRQOL measures at pre-SCT assessment; 26 mothers and 20 fathers at 1 year after SCT and 31 mothers and 19 fathers at 2 years after SCT. The characteristics of the sample were similar to those of the sample described in the psychological outcomes paper. 21 Briefly, the mean age for mothers before SCT Mothers of children with less behavior problems before SCT were more likely to report improved PSYS HRQOL 2 years after SCT. For maternal PHYS HRQOL, preliminary analyses identified assessment time, child's radiation history and mother's age as potential factors. Only mothers' age (F 1,34 ¼ 5.60, P ¼ 0.0238), however, was significantly related to PHYS HRQOL in the mixed linear model, suggesting that younger mothers were more likely to report improvements in their PHYS HRQOL. Close examination of the data suggests that the scores for older mothers were relatively high before SCT and seem to remain stable over time.
Factors related to paternal HRQOL over 2 years post SCT For fathers' PSYS HRQOL, preliminary bivariate analyses identified assessment time, radiation history and father's age as potential covariates. The mixed linear model found only radiation history (t 28 ¼ 2.88, P ¼ 0.0076, ES ¼ 0.54), a medium ES to be associated with fathers' PSYS HRQOL. Fathers of children who had CRT and TBI were less likely to report improved PSYS HRQOL.
Regarding fathers' PHYS HRQOL, child's diagnosis, GVHD and father's age were identified as potential covariates in preliminary bivariate analyses. Significant effects of fathers' age (F 1,44 ¼ 3.75, P ¼ 0.059), child's diagnosis (F 4,34 ¼ 3.67, P ¼ 0.0139) and their interaction (F 4,33 ¼ 3.85, P ¼ 0.0115) were found in the linear model. Analysis of the age effect indicated that younger fathers were more likely to report higher PHYS scores than were the older fathers (t 32 ¼ 3.28, P ¼ 0.0025, ES ¼ 0.58), a medium ES. Analysis of the diagnosis effect showed that the PHYS scores for fathers of children diagnosed with ALL were significantly higher than the scores of parents of children with other leukemias (t 37 ¼ 2.37, P ¼ 0.0244, ES ¼ 0.39), a small ES. Analysis of the diagnosis by age interaction indicated younger fathers of all diagnostic groups, except for other leukemias, reported better PHYS scores than older fathers. This was significant for fathers whose children were diagnosed with blood disorders (t 24 ¼ 2.10, P ¼ 0.0463, ES ¼ 0.43), a small ES. In contrast, younger fathers whose children were diagnosed with other leukemias reported significantly worse PHYS HRQOL than older fathers (t 31 ¼ 4.53, Po0.0001, ES ¼ 0.81), a large ES (Figure 1 ).
Pre-SCT predictors of HRQOL 2 years post SCT for mothers and fathers
The final analyses examined factors before SCT that might predict HRQOL outcomes at 2 years after SCT (excluding 1-year post-SCT data) for mothers and fathers separately. For mothers' PSYS HRQOL, bivariate analyses identified child's behavior, health and gender as potential predictors. The linear model determined that the child's poor health Table 1 Mean and standard deviations of physical and psychosocial outcomes and related factors for mothers and fathers over time
Outcomes
Pre-SCT 1 Year post SCT 2 Years post SCT For fathers' PSYS HRQOL, bivariate analyses identified fathers' age and radiation history as potential predictors, but only radiation history was significant in the linear model (F 2,15 ¼ 4.30, P ¼ 0.033); fathers of children who had CRT and TBI reported worse PSYS HRQOL scores 2 years post SCT. Regarding fathers' PHYS HRQOL, preliminary bivariate analyses identified fathers' PHYS scores before SCT, child's behavior and diagnosis as potential predictors. The linear model confirmed the child's behavior (F 1,13 ¼ 8.44, P ¼ 0.012) and diagnosis (F 4,13 ¼ 7.32, Po0.003) as significant predictors of fathers' PHYS HRQOL 2 years after SCT, suggesting that fathers of children with high behavioral scores before SCT reported worse physical HRQOL 2 years after SCT. Analyses of diagnosis indicated that PHYS scores in the ALL group were significantly higher (M ¼ 62.09) than in other leukemias (M ¼ 44.59, t 13 ¼ 4.54, P ¼ 0.0042, ES ¼ 1.26) and solid tumor groups (M ¼ 48.74, t 13 ¼ 3.38, P ¼ 0.0334, ES ¼ 0.94), both large-sized effects, 2 years post SCT.
Discussion
Addressing a significant gap in the literature, this report examined longitudinally the physical and psychosocial HRQOL of mothers and fathers before, and 1 and 2 years after pediatric SCT. It was remarkable to find out that physical HRQOL scores were comparable to the reference group at each assessment time. The psychosocial HRQOL scores for mothers and fathers before SCT were significantly lower than normative values but improved over time. This finding is consistent with the psychological results for the same population, indicating reduction of depression symptoms over time. 21 The combined results of this and the previous study are encouraging in terms of the overall long-term psychological and HRQOL outcomes for both mothers and fathers of children who undergo SCT. As a group these parents demonstrated psychological resilience 27, 28 when facing pediatric SCT, a high-risk and demanding treatment.
Another major contribution of the study emerged from the examination of factors that may be related to both psychosocial and physical HRQOL for mothers and fathers separately. Consistent with the psychological adjustment outcomes for this sample 21 and for the mothers of children newly diagnosed with cancer, 19 in the current study child's behavior before SCT emerged as a risk factor for poor maternal psychosocial HRQOL 2 years post SCT. Child's poor health before SCT and being female increased the risk for poor maternal psychosocial outcomes. In contrast, the child's history of CRT and TBI, treatment factors previously associated with high morbidity in children treated for ALL 29 and brain tumors, 30 predicted poor paternal psychosocial HRQOL when all data were considered.
Given previous suggestions regarding the effect of the child's health on parental psychological well-being, 12 it was not surprising that the child's poor health status (for mothers) or severity of previous treatment (CRT and TBI for fathers) had a negative long-term impact on the psychosocial HRQOL. The differential impact of these child's health factors for mothers and fathers is difficult to understand and requires further examination. It was intriguing that the child's being a female had a negative longterm impact on the psychosocial well-being of mothers. Given society and physical gender differences, we speculate that perhaps mothers identified with their daughters and perceived more vulnerability in girls compared with boys. This interpretation needs further investigation.
Although, on average, physical HRQOL for both mothers and fathers were found to be in the normal range, upon further analysis several factors emerged as risk factors for poor physical HRQOL 2 years post SCT in a sub-group of mothers and fathers: being less than 30 years for mothers, having a child with behavior problems, diagnosis of other leukemias, mainly AML, and being older than 30 years for fathers. It is possible that younger mothers neglect their physical health when they are caring for a sick child. This may be due to there being limited resources to cope with multiple stressful situations: caring for the ill child and managing overall daily life. In contrast, the fact that fathers' poor physical HRQOL was predicted by the child's behavior and diagnosis, and their age, suggests a more complex mechanism of physical health determinants for fathers. These findings can guide future research on the impact of demanding life-saving treatment on mothers and fathers and differential psychosocial supportive care in the family.
To summarize, the results of this study highlight the importance of assessing both psychosocial and physical HRQOL in mothers and fathers, prior to the child's SCT, and of considering multiple personal and disease/treatment factors that may be related to these outcomes. Moreover, these results have clinical implications for creating specific interventions to support mothers and fathers, as well as for the target and sibling children, based on their differential risk factors. Thus, teaching how to manage a child's behavioral problems may improve HRQOL for both mothers and fathers. Additionally, younger mothers in particular may benefit from additional psychosocial support and fathers may benefit from special meetings with the medical team to address concerns and questions they may have about their child's treatment and its implications. These interventions likely will have a positive impact on children.
The findings of this study need to be considered in light of several limitations. The sample for this part of the study was smaller than for the larger study, particularly regarding fathers, which reduced the statistical power; the sample came from a single treatment centre and was mainly white, limiting its generalizability.
Despite these limitations, the longitudinal nature of this study, the gender differences and similarities in the factors related to psychosocial and physical HRQOL outcomes for mothers and fathers represent major contributions to the knowledge of the impact of pediatric SCT on parental well-being. Identifying parents who might be at risk for long-term poor HRQOL prior to the procedure has a major preventive value. The impact of pediatric SCT on fathers' well-being has long been neglected. By looking at the general dimensions of health, including physical and psychosocial health, the findings of this HRQOL study move away from pathologizing the impact of pediatric SCT on parents. Finally, the findings of this and the companion paper 21 can guide specific family-focused psychosocial interventions for children who undergo SCT and their families.
